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(57) A p**c*k>ss food forward distortion reduction 
system 6Ch uscv p*v*so and z^ain control based on the 
phases and *mpu> t *rw>s of combining signals prior to a 
distortion isomer* po<nt (7B) to maintain the relationship 
between the prv-i^e nnd amplitudes of combining sig- 
nals Foi example me Iced forward arrangement re- 
ceives a s»crvi 10 be amplified on a main signal path and 
replicates t**c sKjn^j onto a main signal path (72) and a 
feed lorwaid path (74) The signal on the main signal 
path is apphoc to « pan & phase circuit (75). The output 
of gain & phase circuit is applied to the amplifier (62) 
whose output comprises the amplified signal and distor- 
tion signals produced Cy the amplifier. A portion of the 
output of the amplifier is placed on a coupling path (76) 
and combined nt the distortion isolation point (78) with 



a delayed version of the signal on the second path (74) 
to isolate the distortion produced from the amplifier The 
gain & phase circuit (75) is controlled to adjust the gain 
and phase of the signal such that the signal at the dis- 
tortion isolation point is substantially the inverse (equal 
in amplitude but 1 80° out of phase) of the delayed input 
signal on the feed forward path. The control signal ap- 
pearing on the control path (84) of the gain & phase cir- 
cuit is derived from the portion of the amplified signal 
with distortion on the coupling path and the delayed ver- 
sion of the signal on the feed forward path. Thus, a pilot 
signal is not needed because the desired relationship 
between the phase and gain of the combining signals is 
maintained to achieve sufficient cancellation of the sig- 
nal and to isolate at the distortion produced by the am- 
plifier after the distortion isolation point. 
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D scription 

BACKGROUND OF THE INVENTION 

1. Fi Id of The Invention 5 

[0001] This invention relates to amplifiers and, more 
particularly, to a pilotless feed forward distortion reduc- 
tion system. 

70 

2. Description of Related Art 

[0002] Amplifiers often add undesired distortion to a 
signal, creating an output signal comprising distortion or 
nonlinear components and the signal component. The is 
distortion includes any undesired signals added to or af- 
tectmg adversely the input signal. There is therefore a 
need to devise techniques that can eliminate substan- 
tially or reduce significantly the distortion produced by 
the amplifier. 20 
[0003] Feed-forward correction is routinely deployed 
in modern amplifiers to improve amplifier linearity with 
various input patterns. The essence of the feed-forward 
correction is to manipulate distortion, such as intermod- 
ulation (IMD) components, created by the amplifier so 2S 
that at the final summing point, the distortion cancels 
out. Due to the unpredictability of input RF carrier pat- 
tern as well as the resultant distortion location, a known 
frequency component, i.e. a pilot signal, is injected in 
the main signal path to mimic the distortion produced by 30 
the amplification process. In feed-forward amplifiers, the 
feed forward distortion reduction circuitry minimizes the 
pilot signal along with the distortion. As such, by design- 
ing the feed fonvard distortion reduction circuitry to de- 
tect and cancel the pilot, the distortion can also be re- 3S 
moved. 

[0004] The pilot signal is an electrical signal compris- 
ing at least one frequency component spectrally located 
near the frequency band of operation of the electrical 
circuit. A more complete description of the pilot signal is *o 
shown in FIG. 1 which shows the frequency response 
of a radio frequency (RF) amplifier including the location 
of the pilot signal. The pilot signal can be near the lower 
edge of the operating band (e.g., pilot 1) or located near 
the upper edge of the band of operation (e.g., pilot 2). 45 
The pilot is positioned a spectral distance of A f from an 
edge of the band of operation whose center frequency 
is / 0 . The pilot signal can also be located somewhere 
within the band of operation of the RF amplifier. The 
electrical characteristics (e.g., amplitude, phase re- so 
sponse, spectral content) of the pilot signal are known. 
It should be noted that although the pilot signal is shown 
as a single spectral component of a certain amplitude, 
the pilot signal can comprise a plurality of spectral com- 
pon nts having various amplitudes. 55 
[0005] The feed forward distortion reduction circuitry 
reduces distortion produced by the RF amplifier by ap- 
plying the pilot signal to the RF amplifier and making 



adjustments based on information obtained from the ap- 
plied pilot signal. FIG. 2 discloses feed-forward correc- 
tion circuitry 10 and its use of information obtained from 
the pilot signal to reduce distortion produced by RF am- 
plifier 12. An input signal is applied to a splitter 14. The 
splitter 1 4 replicates the input signal on a main signal 
path 16 and a feed forward path 18. The splitter 14 is 
part of a feed forward loop referred to as loop # 1 , which 
in addition to the splitter 14 : comprises gain & phase 
circuit 20, coupler 22, the RF amplifier 12, delay circuit 
24 and couplers 26 and 28. The signal on the main path 
16 is applied to gain & phase circuit 20. The output of 
gain & phase circuit 20 and the pilot signal are applied 
to the coupler 22. Typically, the amplitude of the pilot 
signal is much less (e.g., 30 dB less) than the amplitude 
of the input signal so as not to interfere with the opera- 
tion of the amplifier 12. The output of coupler 22 is ap- 
plied to the amplifier 1 2 whose output comprises the am- 
plified input signal, the amplified pilot signal and distor- 
tion signals produced by the amplifier 12. A portion of 
the output of the amplifier 12 is obtained from the cou- 
pler 26 and is combined with a delayed version of the 
input signal (signal on path 18) at the coupler 28 via cou- 
pling path 30. The signal on the path 18 has experienced 
sufficient delay provided by delay circuit 24 so that such 
signal experiences the same delay as the signal appear- 
ing at the coupler 28 via the path 30. 
[0006] The gain & phase circuit 20 is controlled via 
control path 32 with control signals to adjust the gain 
and phase of the signal such that the signal appearing 
at the coupler 28 via the path 30 is substantially the in- 
verse (equal in amplitude but 180°out of phase) of the 
delayed input signal at the coupler 28. The control signal 
appearing on the control path 32 of the gain & phase 
circuit 20 is derived from the signal at point A in a well 
known manner such as the use of detection circuits. The 
detection circuits detect well known electrical signal 
characteristics such as amplitude, phase, and frequen- 
cy of the signal. Therefore, the input signals applied to 
the coupler 28 substantially cancel each other leaving 
at point A the pilot signal and the intermodulation distor- 
tion signals produced by the amplifier 12. Loop # 1 is 
thus a feed forward loop which serves to isolate at point 
A the pilot signal and distortion signals produced by the 
amplifier 12. 

[0007] The signals appearing at point A (pilot signal 
and distortion signals) are fed to gain & phase circuit 34 
whose output is fed to amplifier 36 whose output is ap- 
plied to coupler 38. A portion of the output signals (sig- 
nal, pilot signal and distortion signals) of the amplifier 
12 is fed to delay circuit 40 whose output is fed to the 
coupler 38. The delay circuit 40 is designed such that 
signals from the output of the amplifier 1 2 applied to the 
coupl r 38 exp rienc substantially th same delay as 
th signals from the output of the amplrfi r 36 applied to 
the coupler 38. 

[0008] Because the frequency, amplitude and other 
lectrical characteristics of the pilot signal are known, 
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pilot d tect circuit 42 can us det ction circuits such as 
a mixer connected to a log detector (or other well known 
detection circuits) to detect the pilot signal or a portion 
of the pilot signal via coupler 44. The pilot signal is used 
to obtain information about the distortion produced by 
the amplifier 12. The information is obtained by detect- 
ing well known electrical signal characteristics of the pi- 
lot signal. In particular, the characteristics (e.g., ampli- 
tude, spectral content, phase response) of the pilot sig- 
nal are known and thus when the pilot detect circuit 42 
detects the pilot signal, some or all of the known char- 
acteristics can be used to isolate the pilot signal. Detec- 
tion circuit 42 will detect the pilot signal and use this in- 
formation to generate control signals onto path 46 to 
cause the gain & phase circuit 34 to modify the pilot sig- 
nal at point A such that the pilot signal on the main path 
16 at the coupler 38 is substantially the inverse (equal 
in amplitude but 180° out of phase) of the pilot signal on 
the feed forward path 18 at the coupler 38. The corre- 
sponding pilot signals and the distortion signals at the 
coupler 38 substantially cancel each other at the coupler 
38 I aving the signal (or an amplified version of the sig- 
nal) at the output of the system. Therefore, loop # 2, 
which comprises the coupler 26, the coupler 28, the gain 
& phase circuit 34, the amplifier 36, the coupler 38 and 
the delay circuit 40 is a feed forward loop which uses 
the information obtained from the pilot signal to cancel 
substantially the distortion produced by the amplifier 1 2. 
[0009] In actual systems, however, there is rarely an 
absolute cancellation of the distortion and the pilot sig- 
nals. Feed forward distortion reduction systems require 
tight operating tolerances, for example, to achieve a 
30dB reduction in IMDs, typical feed forward correction 
systems may require a + or - .1dB frequency flat re- 
sponse (amplitude deviation over the frequency band of 
operation) and a + or - 1 degree phase linearity (phase 
deviation from a straight line in the frequency band of 
operation). To obtain this accuracy is difficult. 
[0010] The amplitude of the pilot signal is typically rel- 
atively small at the output of the feed forward distortion 
reduction system because of the cancellation of the pilot 
and the relative amplitude of the pilot signal with respect 
to the amplitude of the output signal. Thus, it becomes 
difficult to detect the pilot signal at the output of the sys- 
tem. To improve detection of the pilot signal at the output 
of the correction circuitry, schemes are developed to 
place the pilot signal at an appropriate location and to 
improve detection. 

[0011] Thus, a need exists for a distortion reduction 
system that can provide adequate distortion reduction 
while eliminating the need for the pilot signal to reduce 
distortion 

SUMMARY OF THE INVENTION 

[0012] Th present invention involves a pilot less f d 
forward distortion reduction system which uses phase 
and gain control based on the phases and amplitudes 



of combining signals prior to a distortion isolation point 
to maintain the relationship between the phase and am- 
plitudes of combining signals. For example, the feed for- 
ward arrangement receives a signal to be amplified on 
s a main signal path and replicates the signal onto a main 
signal path and a feed forward path. The signal on the 
main signal path is applied to a gain & phase circuit. The 
output of gain & phase circuit is applied to the amplifier 
whose output comprises the amplified signal and distor- 
ts tion signals produced by the amplifier. A portion of the 
output of the amplifier is placed on a coupling path and 
combined at the distortion isolation point with a delayed 
version of the signal on the feed forward path to isolate 
the distortion produced from the amplifier. The gain & 
is phase circuit is controlled to adjust the gain and phase 
of the signal such that the signal at the distortion isola- 
tion point is substantially the inverse (equal in amplitude 
but 180°out of phase) of the delayed input signal on the 
feed forward path. The control signal appearing on the 
control path of the gain & phase circuit is derived from 
the portion of the amplified signal with distortion on the 
coupling path and the delayed version of the signal on 
the feed forward path. Thus, a pilot signal is not needed 
because the desired relationship between the phase 
and gain of the combining signals is maintained to 
achieve sufficient cancellation of the signal and to iso- 
late at the distortion produced by the amplifier after the 
distortion isolation point. The distortion of the feed for- 
ward path is fed forward to reduce the distortion on the 
main signal path. 

[0013] In certain embodiments, the distortion reduc- 
tion system uses multiple pi lot less feed forward reduc- 
tion stages, each of which uses the gain and phase con- 
trol based on the phase and amplitude of the combining 
signals at the respective distortion isolation points, to 
reduce the distortion from the output of the RF amplifier. 
For example, a feed forward distortion reduction system 
reduces the distortion from the output of an RF amplifier 
by performing two feed forward reductions on the dis- 
tortion produced from the RF amplifier. A first feed for- 
ward reduction stage, which includes the RF amplifier, 
produces the amplified signal with distortion. A portion 
of the amplified signal with distortion is placed on a cou- 
pling path and combined at the distortion isolation point 
with a delayed version of the signal on the feed forward 
path to isolate the distortion produced from the amplifier 
because a gain & phase circuit adjusts the gain and 
phase of the signal such that the amplified signal at the 
input signal cancellation point is substantially the in- 
verse (equal in amplitude but 180°out of phase) of the 
delayed input signal on the second path. The gain & 
phase circuit makes gain and phase adjustments based 
on the phases and amplitudes of the portion of the am- 
plified signal on the coupling path and the delayed ver- 
sion of the signal on the feed forward path to isolate the 
distortion which is fed forward to reduce the distortion 
remaining on the main signal path. A second feed for- 
ward reduction stage receives as the input signal the 
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reduced distortion and any additional distortion from the 
first feed forward reduction stage. The second feed for- 
ward stage uses gain and phase control based on the 
ampi tudcs and phases of the combining signals prior to 
inc distortion isolation point for the second feed forward s 
suqc lo produce an amplified version of the distortion 
ifom ihc first feed forward stage. The output of the sec- 
ond feed fcrward stage is fed forward to further reduce 
the distortion from the amplified signal on the main sig- 
nal p-ith 10 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0014) 0:nc- aspects and advantages of the present 
invert on may become apparent upon reading the fol- is 
losing oeuiiod description and upon reference to the 

Ornwnqs r~ Which 

FiG i snows an example frequency response 
cu'vo ui rfi RF amplifier showing the frequency 20 
w\\\m\ w*«*;ti ttK? rtfnptrf»oi is operating; 
FIG 2 * « t>*ock digram of a prior art feed forward 
distort on c c# -action scheme used for RF amplifiers; 
FIG 3 $hows a gcoetitl block diagram of a pilotless 
Iced ic* w.«/d distortion reduction system using gain 25 
and p*v-i£,© com to* accorcfcng to the principles of the 
presort! mvonion and 

FIG 4 snows h particular embodiment of a feed for- 
worn n»Mnrt«Tn tnrtuc'.ion system using gain and 
phase cor if c* according lo the principles of the ore- 30 
sen: nvcrton 

DETAILED DESCRIPTION 

[0015] An illustrative embodiment of a pilotless feed 35 
forward dislorton reduction system according to the 
principles of the present invention is described below. 
FIG 3 snows a general block diagram of a feed forward 
distortion reduct on system 60 which does not use a pilot 
to reduce the drstorton from the output of an RF ampli- 40 
fier 62 FIG 3 shows a leed forward distortion reduction 
stage 64 wnich itself can be referred to as the pilotless 
feed forward rodudon system according to the princi- 
ples of Ihc present invention, but the feed forward re- 
duction system 60 is shown as beingable to include mul- 45 
tiple feed forward stages such as a second feed forward 
reduction stage 66 Aoditonal feed forward reduction 
stages (not shown) can be used as would be understood 
by one of skill in tt.e ait with the benefit of this disclosure. 
The fe d forward distortion reduction stage 64 receives so 
from a splitter 66 a signal S to be amplified on a main 
signal path and replicates the signal S onto a main signal 
path 72 and a Iced lorward path 74. The signal S on the 
main signal path 72 is appli d to a gain & phase circuit 
75. Th output of gain & phas circuit 75 is applied to ss 
the amplifier 62 whose output comprises th amplified 
signal S with disionon D produced by the amplifier 62. 
A portion of the output S and D of the amplifier 62 is 



plac d on a coupling path 76 and combined at the dis- 
tortion isolation point 78 (shown as the coupler 80) with 
a delayed version of the signal S on the path 74 to isolate 
the distortion D produced from the amplifier 62. 
[0016] The gain & phase circuit 75 is controlled by a 
phase and gain controller 82 to adjust the gain and 
phase of the signal S on the main signal path 72 prior 
to the amplifier 62 such that the ampliified signal S and 
D at the coupler 80 is substantially the inverse (equal in 
amplitude but 180° out of phase) of the delayed signal 
S on the path 74. The control signal(s) appearing on the 
control path(s) 84 of the gain & phase circuit 75 is de- 
rived from the portion of the amplified signal S and D on 
the coupling path and the delayed version of the signal 
S on the path 74. Because the desired amplitude and 
phase relationship (for example, the combining signals 
have the same amplitude and are 180 degrees out of 
phase) is maintained between the combining signals, 
the combining signals S sufficiently cancel to isolate the 
distortion D at the distortion isolation point 78. As such, 
the use and detection of a pilot signal after the distortion 
isolation point 78 is not required to adjust the phase and 
gain of the gain and phase circuit 75. 
[0017] As the cancellation of the combining signals S 
improves, the feed forward distortion reduction im- 
proves the isolation of the distortion D on the second 
path 74 at the distortion isolation point 78. The feed for- 
ward distortion reduction stage 64 feeds forward the iso- 
lated distortion D on the path 74 to reduce the distortion 
D on the main signal path 72. As such, the improved 
isolation of the distortion D at the distortion cancellation 
point 78 can lead to improving the reduction of the dis- 
tortion D from the output 86 of the stage 64. In this em- 
bodiment, the output of the coupler 80 is applied to a 
gain & phase adjuster 88 which adjusts the signal D ac- 
cording to phase and gain control signals from a gain 
and phase control circuit 90. The phase and gain control 
circuit 90, such as an automatic gain and phase control 
circuit as described in the patent application entitled 
"Feed Forward Amplifier Improvement Incorporating An 
Automatic Gain and Phase Controller" filed concurrently 
with the present application and assigned to the same 
assignee and herein incorporated by reference, pro- 
vides the gain and phase control signals in response to 
inputs received from the couplers 92 and 94. The cou- 
pler 92 is on the path 74 prior to the amplifier 96, and 
the coupler 94 is located after the amplifier 96. 
[001 8] The output of gain and phase adjuster 88 is ap- 
plied to the amplifier 96 whose output comprises the am- 
plified signal D and distortion signals d 1 produced by the 
amplifier 96. The stage 64 is designed such that corre- 
sponding portions of the signals D applied to a coupler 
100 destructively combine to produce at the output 86 
of the stag 64 th amplified signal S with reduced dis- 
tortion D' (and distortion d n ). 

[0019] As m ntioned abov for the feed forward re- 
duction system of FIG. 2 which uses a pilot signal and 
detection circuitry, tight tolerances are required in th 
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performance of the stage 64 to achieve a 30dB reduc- 
tion in the distortion. If the goal is changed from a 30dB 
reduction of the distortion at the output 86 of the stage 
64 to a 20 or 25 dB reduction in the distortion at the out- 
put 86 of the stage 64, the problem becomes less diffi- 
cult. 

[0020] In certain embodiments, the distortion reduc- 
tion system uses multiple pilotless feed forward reduc- 
tion stages according to the principles of the present in- 
vention to further reduce the distortion from the output 
of the RF amplifier 62. For example, the second feed 
forward reduction stage 66 receives as the input signal 
the reduced distortion D and any additional distortion d1 
from the first feed forward reduction stage 64 via a sec- 
ond coupling path 1 02. A coupler 1 04 couples a portion 
of the signal S with distortion D' and d1 from the main 
signal path 72onto the second coupling path 1 02. A cou- 
pler 106 receives the signal S with distortion D' and d, 
from the coupling path 102 and combines the signal S 
and the distortion D' and d-, from the coupling path 102 
with a delayed signal S on a path 108 which was ob- 
tained from splitter 110. In this embodiment, the splitter 
110 r ceives the signal S and provides versions of the 
signal S to a phase and gain adjuster 107 prior to the 
splitter 68 of the first feed forward stage 64 and the path 
1 08. The signal S on the path 1 08 is delayed by a delay 
112. The signal S on the path 108 experiences sufficient 
delay provided by the delay circuit 112 such that signal 
S xp riences the same delay as the signals appearing 
at the coupler 106 via the path 102. The coupler 106 
destructively combines the signal S from the second 
coupling path 102 and the signal S from the path 108 
and isolates the remaining distortion D' and d-, from the 
first feed forward arrangement 64 on the path 1 08 lead- 
ing to the second feed forward arrangement 66. 
[0021] In accordance with certain aspects of the 
present invention, the gain & phase adjuster 107 is con- 
trolled by a phase and gain controller 109 to adjust the 
gain and phase of the signal S prior to the amplifier 1 2 
such that the amplified signal S, D' and dl at the coupler 
106 is substantially the inverse (equal in amplitude but 
180°out of phase) of the delayed signal S on the path 
108. In some embodiments, the gain and phase control 
circuit 109 provides control signa((s)tolhe gain & phase 
circuit 107 derived from the portion of the amplified sig- 
nal S, D' and dl on the second coupling path 102 pro- 
vided by a coupler 111 and the delayed version of the 
signal S on the path 1 08 provided by a coupler 113. Be- 
cause the desired amplitude and phase relationship (for 
example, the combining signals have the same ampli- 
tud and are 180 degrees out of phase) is maintained 
b tween the combining signals, the combining signals 
S sufficiently cancel to isolate the distortion D at the cou- 
pler 106. Inoth r embodiments, the gain and phase con- 
trol circuit 109 can be a logarithmic d tector and a nul- 
ling circuit. In such an embodiment, a coup) r 115 pro- 
duces a sample of the signal after the output of the cou- 
pler 106 to the log detector which produces a signal in- 



dicative of the amplitud of th signal. A nulling circuit 
attempts to reduce the signal from the log detector to 
improve cancellation of the signal and isolate the distor- 
tion after the coupler 106 by providing control signals to 
s the phase and gain adjuster 107. 

[0022] In this embodiment, the second feed forward 
arrangement 66 as well as any additional feed forward 
stages (not shown) is configured to operate as de- 
scribed above for the first feed forward stage 64. As 
such, the second feed forward stage uses gain and 
phase control of the combining signals at the distortion 
isolation point for the second feed forward stage to pro- 
duce an amplified version of D and d1 which is fed for- 
ward to further reduce the distortion D* and dl from the 
amplified signal S. Accordingly, at the output 114 of the 
second feed forward stage 66, an amplified distortion 
signal D and d 1 (as well as any minor distortion signals 
introduced by the amplifiers (not shown) in the second 
feed forward stage 66) are provided to a coupler 116. 
The coupler 116 combines the distortion signals D' and 
from the second feed fonvard stage 66 with a delayed 
version of the signals S with distortion D' and 6 A on the 
main signal path 72 to further reduce the distortion D' 
produced from the first feed forward stage 64 as well as 
the residual distortion d 1 . The signals S with distortion 
D' and d-, are fed to a delay circuit 1 1 8 which is designed 
such that signals from the outputs of the coupler 1 04 
applied to the coupler 116 experience substantially the 
same delay. Using gain and phase control circuits in the 
second stage 66 as described for the first stage maintain 
the signals at the appropriate phase and gain relation- 
ship for sufficient combining of signals without the need 
for a pilot signal. 

[0023] Assuming a 20dB reduction in the IMDs per 
feed forward correction stage 64 and 66, the feed for- 
ward distortion reduction system 60 can achieve the typ- 
ical 30dB reduction goal without the need of a pilot signal 
and the corresponding control and detection circuitry. In 
fact, with two feed forward correction arrangements 64 
and 66 providing 20dBof reduction per loop, the system 
60 can provide 40dB reduction in the IMDs. Accordingly, 
the system 60 enables the main amplifier 62, which was 
typically limited to 30 dBc IMDs, to be pushed to 20dBc 
IMDs, thereby improving efficiency. 
[0024] .FIG. 4 shows a detailed implementation of a 
multiple feed forward distortion reduction system 120 
according to FIG. 3. In FIG. 4, a signal S is received by 
the feed forward system 120, and the splitter 110 repli- 
cates the signal S onto a first path 122 leading to the 
first feed forward arrangement 64 and onto a second 
path 108 leading to the second feed forward arrange- 
ment 66. On the first path in this embodiment, the gain 
and phase adjuster 107 adjusts the phase and ampli- 
tude of the signal S on the first path 1 22, and the splitter 
68 replicat s the signal S from the phas and gain ad- 
juster 107on the first path 122 onto the main signal or 
third path 72 leading to the amplifier 62 and the feed 
forward or fourth path 74. The splitter 6Bis part of a feed 
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forward loop referred to as loop # 1 , which in addition to 
the splitter 68, includes gain & phase circuit 75, the RF 
amplifier 62, delay circuit 126 and couplers 80 and 128. 
The signal on the third path 72 is applied to the gain & 
phase adjuster 75 which adjusts the phase and gain of 
the signal S on the third path 72 according to phase and 
gain control signals from the gain and phase control cir- 
cuit 82. The phase and gain control circuit 82, such as 
an automatic gain and phase control circuit, provides the 
gain and phase control signals 84 in response to inputs 
received from the couplers 130 and 132. The coupler 
1 30 provides a sample of the amplified signal S and dis- 
tortion D on the coupling path 76, and the coupler 132 
provides a sample of the signal S on the fourth path 74 
prior to the distortion isolation point 78 at the coupler 80. 
[0025] The output of gain and phase adjuster 75 is ap- 
plied to the amplifier 62 whose output comprises the am- 
plified signal S and distortion signals D, such as third 
order IMDs produced by the amplifier 62. A portion of 
the output of the amplifier 62 is obtained from the cou- 
pler 128 and is combined with a delayed version of the 
signal S (signal S on the fourth path 74) at the coupler 
80 via coupling path 76. The signal S on the path 74 has 
experienced sufficient delay provided by the delay cir- 
cuit 126 so that such signal S experiences the same de- 
lay as the signal S appearing at the coupler 80 via the 
path 76. 

[0026] The gain & phase circuit 75 is controlled by the 
gain and phase control circuit 82 via control path 84 with 
at least one control signal to adjust the amplitude and/ 
or phase of the signal S such that the signal S appearing 
at the coupler 80 via the path 76 is substantially the in- 
verse (equal in amplitude but 180° out of phase) of the 
delayed input signal at the coupler 80. In this embodi- 
ment, the control signal(s) appearing on the control path 
84 of the gain & phase circuit 82 are derived from the 
signals at the couplers 1 30 and 1 32 using amplitude and 
phase detectors to compare the phases and amplitudes 
of the combining signals (the amplified signal S and dis- 
tortion D on the coupling path 76 and the signal S on the 
fourth path 74): The control circuit 82 maintains the 
same gain and phase relationship between the combin- 
ing signals, (for example, equal phase and 180 degrees 
phase difference) to achieve sufficient cancellation at 
the coupler 80. The control circuit 82 can be the auto- 
matic gain and phase control circuit described in the pat- 
ent application entitled "Feed Forward Amplifier Im- 
provement Incorporating An Automatic Gain and Phase 
Controller* filed concurrently with this application and 
assigned to the same assignee. In general, a phase dif- 
ference of 179 to 181 degrees and an amplitude differ- 
ence of + or - .1 dB between the combining signals can 
achieve a cancellation of 30dB, and a 175-185 degree 
phase differenc and a 2dB amplitude difference can 
provide almost 20 dB of cancellation. 
[0027] In this embodiment, a remaining signal S can 
appear at the output of the coupler 80 (along with dis- 
tortion D), and an improved combination of the remain- 



ing signal S (leakage signal S) and the signal S from th 
path 74 is made at the coupler 136. For example, after 
the coupler 80, some leakage signal S can remain on 
the path 74. As such, a coupler 138 couples a portion 
s of the signal S from the path 74 prior to the coupler 80 
onto the coupling path 1 40. A phase and gain circuit 1 34 
adjusts the phase and amplitude of the remaining signal 

5 with distortion D from the output of the coupler 80, and 
a phase and gain circuit 142 adjusts the phase and am- 

10 plitude of the signal S on the coupling path 140. The 
phase and gain circuits 1 34 and 142 respectively adjust 
the phase and amplitude of the signal S from the coupler 
80 and the signal S on the coupling path 140 to improve 
the reduction of the remaining signal S from the output 

15 of the coupler 80. The remaining signal S output from 
the phase and gain circuit 134 destructively combines 
with the signal S on the coupling path 1 40. The combi- 
nation at the coupler 1 36 is made such that any remain- 
ing signal S is from the signal S from the path 74 rather 

20 than from the coupling path 76. As such, the coupler 1 36 
provides the distortion D as the prominent signal on the 
path 74, and any remaining signal S can be ted forward 
along with the distortion signal to constructively combine 
with the amplified signal S on the main signal path 72. 

25 [0028] The output of the coupler 1 36 is applied to the 
gain & phase adjuster 88 which adjusts the signal D ac- 
cording to phase and gain control signals from a gain 
and phase control circuit 90. In this embodiment, the 
phase and gain control circuit 90 provides the gain and 

30 phase control signals in response to inputs received 
from the couplers 92 and 94. The output of gain and 
phase adjuster 88 is applied to the amplifier 96 whose 
output comprises the amplified signal D and residual 
distortion signals d produced by the amplifier 96. 

35 [0029] At the output of the coupler 1 28 on the main 
signal path 72, a portion of the output signals (amplified 
signal S and distortion signals D) of the amplifier 62 is 
fed to delay circuit 144 whose output is fed to a coupler 
100. The delay circuit 144 is designed such that signals 

40 from the output of the amplifier 62 applied to the coupler 
100 experience substantially the same delay as the sig- 
nals from the output of the amplifier 96 applied to the 
coupler 100. The gain & phase circuit 88 is controlled 
via control path 146 with at least one control signal to 

45 adjust the amplitude and/or phase of the signal D on the 
feed forward path 74 such that the signal S appearing 
at the coupler 100 is substantially the inverse (equal in 
amplitude but 1 80°out of phase) of the delayed input sig- 
nal S at the coupler 1 00. In this embodiment, the control 

50 signal(s) appearing on the control path 146 of the gain 

6 phase circuit 88 is derived Irom the signals at the cou- 
plers 92 and 94 in a manner as described in the patent 
application entitled "Feed Forward Amplifier Improve- 
ment Incorporating An Automatic Gain and Phase Con- 

55 troller" filed concurrently with this application and as- 
sign d to th sam assign e. Therefor , the signals D 
applied to the coupler 100d structively combine leaving 
at th output of the coupler 1 00 the signal S with reduced 
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distortion D'. The reduced distortion D' can include dy- 
namic or residual distortion characteristics exhibited by 
many electrical circuits such as the amplifier 62 as well 
as distortion dl produced by the amplifier 96. Loop #2 is 
thus a feed forward loop which reduces the distortion D 
produced by the amplifier 62 to produce the amplified 
signal S with reduced distortion D* on the main signal 
path 72. 

[0030] The second feed forward reduction stage is 
used to further reduce the distortion from the output of 
the coupler 100. To do so, the coupler 104 receives the 
signal S with distortion D' and 6 A from the coupler 100. 
The coupler 104 couples a portion of the signal S with 
distortion D'and 6, from the third path 72 onto the cou- 
pling path 102. The coupler 106 receives the signal S 
with distortion D' from the coupling path 102 and com- 
bines the signal S and the distortion D' and 6^ from the 
coupling path 102 with the delayed signal S on the path 
1 08. The signal S on the path 108 is delayed by the delay 
1 38. The signal S on the path 1 08 experiences sufficient 
delay provided by the delay circu it 1 38 so that such input 
signal S experiences the same delay as the signal S ap- 
pearing at the coupler 1 06 via the path 1 02. The coupler 
106 destructively combines the signal S from the cou- 
pling path 102 and the signal S from the path 108 to 
isolate the remaining distortion D' and from the first 
f ed forward arrangement 64 on the path 108 leading 
to the second feed forward arrangement 66. 
[0031] A remaining signal S can appear at the output 
of the coupler 106 (along with distortion D and d.,), and 
an improved combination of the remaining signal S 
(leakage signal S) and the signal S from the path 108 is 
made at the coupler 147. For example, after the coupler 
1 06, some leakage signal S can remain on the path 1 08. 
As such, a coupler 148 couples a portion of the signal 
S from the path 108 prior to the coupler 106 onto a cou- 
pling path 149. A phase and gain circuit 150 adjusts the 
phase and amplitude of the remaining signal S with dis- 
tortion D from the output of the coupler 106, and a phase 
and gain circuit 1 51 adjusts the phase and amplitude of 
the signal S on the coupling path 149. The phase and 
gain circuits 1 50 and 151 respectively adjust the phase 
and amplitude of the signal S from the coupler 106 and 
the signal S on the coupling path 149 to improve the 
reduction of the remaining signal S from the coupler 1 06. 
The remaining signal S output from the phase and gain 
circuit 150 destructively combines with the signal S on 
the coupling path 149. The combination at the coupler 
147 is made such that any remaining input signal S is 
from the signal S from the path 1 08 rather than from the 
coupling path 102. As such, the coupler 147 provides 
the distortion D as the prominent signal on the path 1 08, 
and any remaining signal S can be fed forward along 
with the distortion signal to constructively combine with 
the amplified signal S on the main signal path 72. 
[0032] Th coupl r 147 provides th signal D' and d., 
to a splitter 1 52 which r plicates the signal D' and dj on 
the path 108 onto a fifth path 153 leading to an amplifier 



154 and onto a sixth path 156. The splitter 152 is part 
of a feed forward loop referred to as loop # 3, which in 
addition to the splitter 152, includes gain & phase circuit 
160, the RF amplifier 1 54, delay circuit 162 and couplers 

s I64and 166. The signal D'on the fifth path 153 isapplied 
to the gain & phase adjuster 160 which adjusts the 
phase and gain of the signal D' on the fifth path 1 53 ac- 
cording to phase and gain control signals from a gain 
and phase control circuit 170. In this embodiment, the 

io phase and gain control circuit 1 70 provides the gain and 
phase control signals in response to inputs received 
from the couplers 172 and 174. The coupler 172 pro- 
vides a sample of the amplified distortion D with dl and 
distortion d2 from the amplifier 1 54, and the coupler 1 74 

75 provides a sample of the signal D and dl on the sixth 
path 1 56 prior to the distortion isolation point 1 66 at the 
coupler 166. 

[0033] The output of gain and phase adjuster 160 is 
applied to the amplifier 1 54 whose output comprises the 

20 amplified signal D' and dl and distortion d2 produced by 
the amplifier 154. A portion of the output of the amplifier 
154 is obtained from the coupler 164 and is combined 
at the coupler 1 66 via coupling path 1 76 with a delayed 
version of the signal D' (and dl on the sixth path 156). 

25 The signal D' and dl on the sixth path 156 has experi- 
enced sufficient delay provided by the delay circuit 162 
so that such signal D' and d1 experiences the same de- 
lay as the signal D\ d1 and d2 appearing at the coupler 
166 via the coupling path 176. 

30 [0034] The gain & phase circuit 160 is controlled by 
the gain and phase control circuit 170 via control path 
178 with at least one control signal to adjust the ampli- 
tude and/or phase of the signal D' and d1 such that the 
signal D' and d1 with d2 appearing at the coupler 166 

35 via the path 176 is substantially the inverse (equal in 
amplitude but 1 80°out of phase) of the delayed input sig- 
nal (D* and dl) at the coupler 166. In this embodiment, 
the control signal(s) appearing on the control path 178 
of the gain & phase circuit 1 70 are derived from the sig- 

40 nals at the couplers 172 and 174 using amplitude and 
phase detectors to compare the phases and gains of the 
combining signals (the amplified signal D' and d1 with 
distortion d2 on the coupling path 176 and the signal D' 
and dl on the sixth path 156). The control circuit 170 

45 maintains the same gain and phase relationship be- 
tween the combining signals, (for example, equal phase 
and 1 80 degrees phase difference) to achieve sufficient 
cancellation at the coupler 166 without having to use a 
pilot signal to detect the pilot signal at the output to the 

50 coupler 166. The control circuit 170 can be the automat- 
ic gain and phase control circuit described in the patent 
application entitled "Feed Forward Amplifier Improve- 
ment Incorporating An Automatic Gain and Phase Con- 
troller" filed concurrently with this application and as- 

55 signed to the sam assignee. Th r fore, the signal O' 
and dl appli d to th coupl r 166 destructiv ly comb in 
to leave at the output of the coupler 166 the distortion 
d2 produced by the amplifier 1 54 and some remaining 
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portion of the signal D' and d1 . Loop #3 is thus a leed 
forward loop which tends to isolate the distortion d2 pro- 
duced by the amplifier 154. 

[0035] In this embodiment, a remaining signal D* and 
d1 can appear at the output of the coupler 166 (along 5 
with distortion d 2 ), and an improved combination of the 
remaining signal D' and d1 (leakage signal D' and d1) 
and the signal D* and d1 from the path 156 is made at 
the coupler 182. For example, after the coupler 166, 
some leakage signal D' and d1 can remain on the path io 
156. As such, a coupler 184 couples a portion of the 
signal D* and d1 from the path 156 prior to the coupler 
166 onto a coupling path 186. A phase and gain circuit 
180 adjusts the phase and amplitude of the remaining 
signal D' and d1 from the output of the coupler 1 66, and is 
a phase and gain circuit 1 68 adjusts the phase and am- 
plitude of the signal D* and dl on the coupling path 1 86. 
The phase and gain circuits 180 and 188 respectively 
adjust the phase and amplitude of the signal D' and d1 
and d2 from the coupler 166 and the signal D- and d1 20 
on the coupling path 1 86 to improve the reduction of the 
remaining signal D' and d1 from the coupler 166. The 
remaining signal D' and d1 from the phase and gain cir- 
cuit 180 destructively combines with the signal D* and 
d1 on the coupling path 186. The combination at the 2s 
coupler 182 is made such that any remaining input sig- 
nal D' and d1 is from the input signal D' and d1 on the 
path 156 rather than from the coupling path 186. As 
such, the coupler 166 provides the distortion d2 as the 
prominent signal on the path 156, and any remaining 30 
signal D' and d1 can be fed forward along with the dis- 
tortion d2 to constructively combine with the amplified 
signal D' and d1 on the fifth path 153. 
[0036] The output of the coupler 182 is applied to a 
gain & phase adjuster 1 90 which adjusts the signal D" 35 
according to phase and gain control signals from a gain 
and phase control circuit 192. In this embodiment, the 
phase and gain control circuit 1 92, such as an automatic 
gain and phase control circuit as described in patent ap- 
plication entitled "Feed Forward Amplifier Improvement 40 
Incorporating An Automatic Gain and Phase Controller" 
filed concurrently with this application and assigned to 
the same assignee, provides the gain and phase control 
signals in response to inputs received from couplers 1 94 
and 196. The output of gain and phase adjuster 190 is 
applied to the amplifier 200 whose output comprises the 
amplified signal d2 and distortion d3 produced by the 
amplifier 200. 

[0037] At the output of the coupler 164 on the fifth path 
1 53 a portion of the output signals (amplified distortion so 
D* and dl and distortion d2) of the amplifier 154 is fed 
to a delay circuit 202 whose output is fed to a coupler 
204. The delay circuit 202 is designed such that signals 
from the output of the amplifier 154 applied to the cou- 
pler 204 exp rience substantially the same d lay as the ss 
signals from th output of the amplifier 200 applied to 
the coupler 204. 

[0038] The gain & phase circuit 190 is controlled via 



control path 208 with at least one control signal to adjust 
the amplitude and phase of the signal d2 on the sixth 
path 1 56 such that the signals d2 appearing at the cou- 
pler 204 is substantially the inverse (equal in amplitude 
but 180°out of phase) of the delayed signal D' and d1 
at the coupler 204. In this embodiment, the control signal 
(s) appearing on the control path 208 of the gain & phase 
circuit 190 is derived from the signals at the couplers 
194 and 196 as described in patent application entitled 
"Feed Forward Amplifier Improvement Incorporating An 
Automatic Gain and Phase Controller" filed concurrently 
with this application and assigned to the same assignee. 
Loop #4 is thus a feed forward loop which reduces the 
distortion d2 produced by the amplifier 1 54 from the fifth 
path 1 52 to produce the amplified distortion D' and d1 
at the output 114 ol the coupler 204. The reduced dis- 
tortion d2' and d3 are negligible. 

[0039] The coupler 204 provides the distortion D' and 
d1 to the coupler 116. The coupler 116 combines the 
amplified distortion D' and d1 from the second feed for- 
ward arrangement 66 (from the coupler 204) with a de- 
layed version of the distortion D' and d1 on the main 
signal path 72 to further reduce the distortion D* pro- 
duced from the coupler 104 on the third path 72. The 
distortion D 1 and d1 from the coupler 104 is fed to a delay 
circuit 210 which is designed such that signals D' from 
the outputs of the coupler 1 04 applied to the coupler 116 
experience substantially the same delay. The coupler 
116 destructively combines the distortion D' and d1 from 
the coupler 1 04 and the distortion D' and d1 to produce 
the signal S with reduced distortion D" and d1 \ 
[0040] Using gain and phase control of combining sig- 
nals at signal cancellation points to maintain the relative 
phase and amplitude between combining signals, a pilot 
signal is not necessary, and neither is the corresponding 
pilot detection circuitry and pilot control. Additionally, us- 
ing automatic gain and phase control circuitry as de- 
scribed above as well as leakage signal combination cir- 
cuitry in the feed forward arrangements for all and class 
AB amplifiers, improved performance is possible. Class 
A amplifiers, for example 1 Watt amplifiers, are always 
operating in a linear region but typically big amplifiers, 
for example an amplifier rated at 1000 Watts, can not 
always run in the linear region and are referred to as 
class AB. If an amplifier is rated at 1000 watts and the 
average power is 100 watts, the amplifier receives 
peaks of 1 000 Watts but the peak to average power ratio 
is 10dB. In the embodiment of FIG. 4, the amplifier 62 
is a class AB amplifier rated at 1 000 Watts. The amplifier 
96 is a class AB amplifier rated at 100 Watts. The am- 
plifier 154 is a class AB amplifier rated at 10 Watts, and 
the amplifier 200 is a class AB amplifier rated at 1 watt. 
Certain amplifiers could be replaced with class A ampli- 
fiers, for example the amplifier 200. 
[0041] In addition to th mbodiments described 
above, alt rnativ configurations of the multiple feed for- 
ward distortion reduction system according to the prin- 
ciples of the present invention are possible which omit 
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and/or add compon nts and/or use variations or por- 
tions of the described system. For example, FIG. 4 uses 
coupling paths 140, 149 and 186 to provide improved 
combination to remove destructive leakage signals at 
couplers 136, 147 and 182, respectively. Depending on s 
the application, none of these coupling paths, additional 
coupling paths and/or different coupling path arrange- 
ments can be used. Additionally, the phase and/or gain 
of signals applied to coupler(s) 106 and/or 116 can be 
adjusted to improve the combination of the signals at io 
the output of the coupler(s) 106 and/or 116 by maintain- 
ing the desired phase and/or amplitude relationship be- 
tween combining signals based on a measurement of 
the phases and/or amplitudes of the combining signals 
according to aspects of the present invention. is 
[0042] The system has been described as using cou- 
plers, but other devices, such as 3dB splitters and other 
coupling, signal splitting or sampling devices, can be 
used as well as other combining devices, such as sum- 
mers. Additionally, the feed forward distortion reduction 20 
system is described with variable gain and phase ad- 
justers controlled by phase and gain control circuits. De- 
pending on the application, the gain and/or phase ad- 
justers can be fixed and/or variable, and their location 
in the feed forward arrangements can change. The leed 25 
forward system has been further described as using dif- 
fer nt configurations of discrete components, but it 
should be understood that the feed forward system and 
portions thereof can be implemented in application spe- 
cific integrated circuits, software^iriven processing cir- 30 
cuitry, firmware or other arrangements of discrete com- 
ponents as would be understood by one ol ordinary skill 
in the art with the benefit ofthis disclosure. What has 
been described is merely illustrative of the application 
of the principles of the present invention. Those skilled 35 
in the art will readily recognize that these and various 
other modifications, arrangements and methods can be 
made to the present invention without strictly following 
the exemplary applications illustrated and described 
herein and without departing from the spirit and scope 40 
of the present invention. 



Claims 

45 

1 . A method of reducing distortion in an amplified sig- 
nal, said method CHARACTERIZED BY: 

splitting a signal onto a main signal path and a 
feed forward path; 50 
amplifying said signal from said main signal 
path to produce said amplified signal with dis- 
tortion on said main signal path; 
obtaining a portion of said amplified signal with 
said distortion; 55 
adjusting the relative phas and amplitude be- 
tween said portion of said amplifi d signal with 
said distortion and said signal on said fe d for- 



ward path based on said phase and gain of said 
portion of said amplified signal with distortion 
and said signal on said feed forward path; 
combining at a distortion isolation point said 
portion of said amplified signal with said distor- 
tion with said signal from said feed forward path 
to provide said distortion on said feed forward 
path; and 

using said distortion on said feed forward path 
to reduce distortion on said main signal path. 

2. The method of claim 1 CHARACERIZED IN THAT 
said step of using said distortion further including: 

amplifying said distortion on said feed forward 
path; 

adjusting said phase and amplitude of said dis- 
tortion on said feed forward path based on the 
phase and amplitude of said distortion on said 
feed forward path after said distortion isolation 
point and on the phase and amplitude of said 
amplified distortion on said feed forward path; 
and 

combining said amplified distortion from feed 
forward path with said distortion on said main 
signal path to provide said reduced distortion 
on said main signal path. 

3. The method of claim 2 CHARACTERIZED BY: 

splitting said signal into a first path and a sec- 
ond path; 

splitting said signal from said first path onto said 
main signal path and said feed forward path; 
obtaining a portion of said amplified signal with 
reduced distortion from said main signal path; 
combining said portion of said amplified signal 
with said reduced distortion and said signal on 
said second path to produce said reduced dis- 
tortion on said second path; and 
feeding forward said reduced distortion on said 
second path to further reduce said reduced dis- 
tortion on said main signal path. 

4. The method of claim 3 CHARACTERIZED IN THAT 
said step of feeding forward further includes the 
steps of: 

splitting said reduced distortion on said second 
path onto a fifth path and a sixth path; 
amplifying said reduced distortion from said 
fifth path to produce said amplified reduced dis- 
tortion with distortion d on said fifth path; 
obtaining a portion of said amplified reduced 
distortion with said distortion d; 
adjusting the relativ phase and amplitude be- 
tween said portion of said amplifi d reduc d 
distortion with said distortion d and said re- 
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duced distortion on said sixth path based on 
said phases and amplitudes of said portion of 
said amplified reduced distortion with distortion 
d and said reduced distortion on said sixth path; 
combining at a second distortion isolation point s 
said portion of said amplified reduced distortion 
with said distortion d with said reduced distor- 
tion from said sixth path to provide said distor- 
tion d on said sixth path; and 
using said distortion d on said sixth path to re- 10 
duce said distortion d on said fifth path. 

5. The method of claim 4 CHARACTERIZED IN THAT 
said step of using said distortion d further including: 

75 

amplifying said distortion d on said sixth path 
to amplify said distortion d on said sixth path; 
adjusting the phase and the amplitude of said 
distortion d based on the phase and amplitude 
of said distortion d on said sixth path after said 20 
second distortion isolation point and the phase 
and amplitude of said amplified distortion d on 
said sixth path; and 

combining said amplified distortion d from said 
sixth path with said reduced distortion and said 2s 
distortion d on said fifth path to provide said re- 
duced distortion on said fifth path. 

6. The method of claim 5 CHARACTERIZED IN THAT 
said step of using further including the step of: 30 

combining said reduced distortion on said fifth 
path with said amplified signal and said reduced dis- 
tortion on said main signal path to produce said am- 
plified signal. 

3S 

7. A distortion reduction system CHARACTERIZED 
BY: 

a first spitting device configured to receive a 
signal and provide said signal to a main signal 40 
path and a feed forward path; 
an amplifier on said main signal path for ampli- 
fying said signal from said main signal path to 
produce an amplified signal with distortion on 
said main signal path; 45 
a coupling device on said main signal path pro- 
vides a portion of said amplified signal with said 
distortion onto a first coupling path; 
a gain and phase control circuit configured to 
provide phase and gain control signals based so 
on the phase and amplitude of said portion of 
said amplified signal with said distortion on said 
coupling path and the phase and amplitude of 
said signal on said feed forward path; and 
a gain and phase adjuster r sponsiv to said 
phase and gain control signals to adjust the rel- 
ative phase and amplitude betw en said por- 
tion of said amplified signal with said distortion 



and said signal on said f ed forward path; 
a combining device at a distortion isolation 
point on said feed forward path configured to 
combine said portion of said amplified signal 
with said distortion with said signal from said 
feed forward path to provide said distortion on 
said feed forward path; and 
a feed forward loop including said feed forward 
path configured to use said distortion on said 
feed forward path to reduce distortion on said 
main signal path. 

8. The system of claim 7 CHARACTERIZED IN THAT 
said feed forward loop further includes: 

an amplifying device on said feed forward path 
amplifies said distortion on said teed forward 
path; 

phase and gain adjustment circuitry configured 
to adjust the phase and amplitude of said dis- 
tortion on said feed forward path based on the 
phase and amplitude of said distortion on said 
feed forward path after said distortion isolation 
point and the phase and amplitude of said am- 
plified distortion on said feed forward path; and 
a second combining device on said main signal 
path configured to combine said amplified dis- 
tortion from said feed forward path with said dis- 
tortion on said main signal path to provide said 
reduced distortion on said main signal path. 

9. The system of claim 8 CHARACTERIZED BY: 

a second splitting device configured to receive 
said signal and splitting said signal onto a first 
path and a second path; 
said first splitting device spits said signal from 
said first path onto said main signal path and 
said feed forward path; 

a second coupling device configured to obtain 
a portion of said amplified signal with reduced 
distortion from said main signal path; 
a third combining device configured to combine 
said portion of said amplified signal with said 
reduced distortion and said signal on said sec- 
ond path to produce said reduced distortion on 
said second path; and 

a feed forward arrangement configured to re- 
ceive said reduced distortion on said second 
path to further reduce said reduced distortion 
on said main signal path. 

10. The system of claim 9 CHARACTERIZED IN THAT 
said feed forward arrangement further including: 

a third splitting device configured to receiv 
said reduced distortion and splitting said re- 
duced distortion onto a fifth path and a sixth 
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path; 

an amplifier on said fifth path for amplifying said 
reduced distortion from said fifth path to pro- 
duce said amplified reduced distortion with dis- 
tortion d on said fifth path; £ 
a second gain and phase control circuit config- 
ured to provide phase and gain control signals 
based on the phase and amplitude of a portion 
of said amplified reduced distortion with said 
distortion d and measurements of the phase io 
and amplitude of said reduced distortion on 
said sixth path; and 

a second gain and phase adjuster responsive 
to said phase and gain control signals to adjust 
the relative phase and amplitude between said is 
portion of said amplified reduced distortion with 
said distortion d and said reduced distortion on 
said sixth path; 

afounh combining device at a second distortion 
isolation point on said sixth path configured to 20 
combine said portion of said amplified reduced 
distortion with said distortion d with said re- 
duced distortion from said sixth path to provide 
said distortion d on said sixth path; and 
a second feed forward loop including said sixth 2s 
path configured to use said distortion d on said 
sixth path to reduce said distortion d on said 
fifth path. 

11. The system of claim 10 CHARACTERIZED IN 30 
THAT said second feed forward loop including: 

an amplifying device on said sixth path ampli- 
fies said distortion d on said sixth path; 
a second phase and gain adjustment circuitry 35 
configured to adjust the phase and amplitude 
of said distortion d on said sixth path based on 
the phase and amplitude of said distortion d on 
said sixth path after said distortion isolation 
point and the phase and amplitude of said am- *o 
plified distortion d on said sixth path; and 
a fifth combining device on said fifth path con- 
figured to combine said amplified distortion d 
from said sixth path with said distortion d on 
said fifth path to provide said reduced distortion *s 
on said fifth path. 

12. The system of claim 11 CHARACTERIZED BY: 

a sixth combining device on said main signal 
path configured to combine said reduced distortion so 
on said fifth path with said amplified signal and said 
reduced distortion on said main signal path to pro- 
duce said amplified signal. 

55 
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(54) Pilotless feed forward distortion reduction system 



(57) A pilotless feed forward distortion reduction 
system (60) uses phase and gain control based on the 
phases and amplitudes of combining signals prior to a 
distortion isolation point (78) to maintain the relationship 
between the phase and amplitudes of combining sig- 
nals. For example, the feed forward arrangement re- 
ceives a signal to be amplified on a main signal path and 
replicates the signal onto a main signal path (72) and a 
feed forward path (74). The signal on the main signal 
path is applied to a gain & phase circuit (75). The output 
of gain & phase circuit is applied to the amplifier (62) 
whose output comprises the amplified signal and distor- 
tion signals produced by the amplifier. A portion of the 
output of the amplifier is placed on a coupling path (76) 
and combined at the distortion isolation point (78) with 



a delayed version of the signal on the second path (74) 
to isolate the distortion produced from the amplifier. The 
gain & phase circuit (75) is controlled to adjust the gain 
and phase of the signal such that the signal at the dis- 
tortion isolation point is substantially the inverse (equal 
in amplitude but 1 80° out of phase) of the delayed input 
signal on the feed forward path. The control signal ap- 
pearing on the control path (84) of the gain & phase cir- 
cuit is derived from the portion of the amplified signal 
with distortion on the coupling path and the delayed ver- 
sion of the signal on the feed forward path. Thus, a pilot 
signal is not needed because the desired relationship 
between the phase and gain of the combining signals is 
maintained to achieve sufficient cancellation of the sig- 
nal and to isolate at the distortion produced by the am- 
plifier after the distortion isolation point. 
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